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Abstract 
Currently, in Romania there are many landfills and tailings ponds for industrial or municipal waste that are in operation or closed, 
many of those with environmental problems. As the vast majorities were built decades ago, without sealing and drainage 
measures, runoff water infiltrates in the tailings mass, this results in contamination of soil, subsoil and groundwater as result of 
exfiltrations. A first step in evaluating the contamination degree is to assess the amount of rainfall water infiltrating through and 
outflowing from the tailing pond. The paper presents a possible approach for this assessment, using numerical modeling for two 
case studies of tailing ponds: one without sealing measures and one having a lining system. 
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1. Introduction 
Tailing ponds as solution for mining waste storage is posing a major environmental problem. In order to assess 
the safety and environmental impact of such disposal units one should address many various aspects: stability of 
involved dams and dikes, seepage and infiltration through dams and pond itself, contamination degree, remediation 
solutions [1], [2], [3].  
Solving the problem of water infiltrating through landfills and tailings ponds, in terms of quantitative and 
qualitative impact on the underground environment is a topical issue and achieving this target can only be done by 
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taking technical and economic measures of ecological restoration. In Romania there are many such landfills and 
tailings ponds, in operation or already closed. As most of the landfills and tailings ponds were built decades ago, 
without sealing and water drainage measures, underground environmental pollution problem appears and also the 
necessity to remediate/limit the affected areas. 
Characterization and survey studies of tailing ponds sites must provide all necessary information for designing an 
effective environmental remediation of the underground area. For achieving this an estimation of rainfall amount 
which is infiltrating and, thus, loading with contaminants, through the tailings mass is very important role for 
estimating the groundwater contamination degree. 
In order to estimate the amount of rainfall infiltrating through the tailings ponds and further, through the soil 
layers, the authors propose a methodology by using numerical modeling. This is applied for two case studies of 
tailing ponds, one without sealing and drainage system and another one with sealing and drainage system. The two 
case studies presented hereafter aimed at assessing the whole hydrological balance for each pond, operation 
requiring to know the infiltration value. 
2. HELP model and software and its application 
One of the key steps in the landfill design is water balance evaluation. Water balance is then used for estimating 
the leachate quantity, for leachate collection system design, as well as for optimizing the lining systems [4].    
The water balance analysis must consider the effects of various hydrological processes occurring in a landfill 
during the water movement.  
The methods for evaluating water balance are based on the initial procedure developed by C.W. Thornthwaite [5], 
[6]. These models consider the landfill as a “black box” balanced from the in- and out-water point of view. 
For the operational stage of the landfill, the main equation than can be written is [7]: 
LA= P + LS– E – WD   (1) 
where: LA - leachate rate in active condition; P – precipitation falling down on the analyzed surface; LS– liquid 
squeezed out from waste; E – moisture loss through evaporation; WD – waste moisture absorption. 
The software used to perform numerical modeling of infiltration through the tailings ponds is HELP 
(Hydrologic Evaluation of Landfill Performance), usually used for landfills. The HELP model was developed by 
the US Army Engineer Waterways Experiment Station for US EPA. HELP model and software are world-wide 
used, mostly in evaluating the amount of leachate produced and drained at the base of landfill, which has to be 
treated.  In [4], for example, HELP was used for modeling the leachate quantity evolution during  the service life 
of a municipal landfill (fig. 1). 
In the presented case studies, we are dealing with an industrial waste in semi-liquid form, with different 
properties, components and technological service than municipal waste and landfills, but hydrological processes are 
the same. 
3. Input data 
Calculation of infiltration flow rates through the two analyzed ponds started from the structural data, lithology 
(including here also the tailings layers) and weather-related data, presented here after. 
Pond no. 1 has a total area of 48 ha, is an above-ground construction, built directly on the ground without any 
lining/sealing measures. The only barrier is the natural one, provided by the clayey soil layers in the subsoil. The pond 
stores about 10 million tons of tailings, being now in conservation. Rainwater from the surface of the pond, both 
during operation and conservation period, is discharged through channels, drains and pipes into the nearby river. 
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Fig. 1. HELP modeling for leachate drainage at bottom of a municipal landfill. [4] 
Other data for pond no. 1: area at surface: 39.0 ha; upper level of tailings: 293 m - 293.8 m (sea level reference); 
dam height: relative to highest ground level at dam toe: 4.2 m; relative to lower ground level at dam toe: 22.8 m; 
surface of the lake remaining in the central area of the pond: approx. 12 ha. 
Pond no. 2: The second pound is in operation, with an area of 93 ha, being also an above-ground construction. In 
terms of construction design, the second pond is composed of: perimeter dike made of tailings; primary dike, located 
inside in relation to the perimeter dike, at approx. 20 m distance from it; lining system, consisting of a high-density 
polyethylene (HDPE) geomembrane, welded, covering the entire area; drainage system and collection of 
supernatant; survey system for monitoring the amount of liquids accumulated and discharged from the pond and for 
the geometrical parameters. 
In order to determine the infiltration and exfiltration flow rates through the two ponds, the numerical modeling 
was performed using HELP model, considering an area of 1 ha. Modeling was made for four scenarios, considering: 
average monthly multiannual rainfall, maximum monthly multiannual rainfall, daily maximum precipitation with 
probability of return 1/100 years and daily maximum precipitation with probability of return 1/1000 years. 
4. Numerical modelling 
According to the geotechnical investigations performed on site for the 2 leaching ponds, the lithology in the area 
is the one presented Table 1. Tailings have thicknesses comprised between 4.2 m and 22.8 m. This can be 
characterized as sand, clayey sand, sandy clay or silty sand.  
During the year temperature varies between -5 °C and 27 °C, rarely dropping below -13 °C and rising over 32 °C. 
The warm season is taking place from May, 19 until September, 9, with a daily maximum mean value of more than 
21 °C. Warmest day of the year is July, 27, with a maximum value of 27 °C and a minimum one of 16 °C. The cold 
season is lasting from November, 26 until March, 3, with a daily maximum value of below 6 °C. Coldest day of the 
year is January, 26, with a minimum temperature of -5 °C and a maximum one of 1 °C. Evaporative depth is of 30 
cm. The vegetation starts day 105 and finishes day 280. The mean value of the wing speed is 5,5 m/s. 
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         Table 1. Lithology 
Pond 1 Pond 2 
Depths* (m) Layer Depths* (m) Layer 
0 - 0,2 Top soil 0 - 0,5 Gray – blackish clay with organic matter 
0,2 - 1,6 (2,3) Yellow – brown clay 0,5 - 1,1 Yellow – gray clay 
1,6 (2,3) - 4,2 (5) Cobbles and gravel with sandy clay 1,1 - 1,6 Coarse sand and gravel with clayey binder 
4,2 (5) - 5,5 Grey marl 1,6 - 2,9 Gravel and cobbles with clayey sand 
  2,9y3 Sandy marl 
         * - from ground level 
a)  b)  
Fig. 2. HELP models for the two analyzed ponds: (a) Pond 1; (b) Pond 2 
The following simplified model has been used for the first pond (from up to bottom – fig. 2a): tailings, 20 m thick 
– sand, clayey sand, sandy clay, silty sand, k = 1.1 x 10-4 - 3.2 x 10-5 cm/s; mean value: 7.1 x 10-5 cm/s – vertical 
percolation layer; clay (natural soil), 2 m thick, k = 2.6 x 10-7 - 1.2 x 10-8 cm/s; mean value: 1.36 x 10-7 cm/s. 
Below the clay there is a layer of boulders and gravels which will drain the entire amount of exfiltrations through 
tailings and clay. This layer has not been modelled, but was determined the water quantity exfiltrating at the base of 
clay layer (thus entering in the aquifer). 
For the second pond the simplified scheme is the following (from top to bottom - figure 2b): tailings, 7 m thick – 
k = 3,829 x 10-7 m/s; HDPE geomembrane – artificial barrier; clay, 1 m thick, k = 1,36 x 10-7 m/s – natural barrier; 
sand and gravel, 2 m thick, k = 10-1 m/s – vertical percolation layer. 
It was modelled the water quantity passing through the two barriers (geomembrane and clay) and thus, infiltrating 
in the aquifer. In both cases the numerical model was developed on a 1 ha surface, considering total lack of 
vegetation and 0% of the surface being prone to runoff (most unfavorable situation, when all precipitation quantity 
is infiltrating). 4 scenarios were considered for the rainfall: mean monthly multi-year values; maximum monthly 
multi-year values; maximum daily value with return probability of 1/100; maximum daily value with return 
probability of 1/1000. Figures 3 and 4 present some graphic results, as an example, while in Tables 2 and 3 is 
presented a synthesis of obtained results. 
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a) b)  
Fig. 3. Numerical results for pond no.1 for average monthly multiannual rainfall: (a) Rainfall and evapotranspiration generated by HELP for 1 
year; (b) Percolation rate through layer 2 (natural ground) – monthly values, for 1 ha and 1 year 
Table 2. Percolation rate and percolated volume for the two ponds in case of average and maximum monthly multiannual rainfall 
Calculation 
hypothesis 
Pond 1 Pond 2 
Percolation rate (entering the 
aquifer) 
Percolated 
volume 
Percolation rate (entering the 
aquifer) 
Percolated volume 
Maximum 
monthly value 
(m/month/ha) 
Annually 
cumulated value 
(m/year/ha) 
Annually 
cumulated value 
(m3/ year /ha) 
Maximum 
monthly value 
(m/month /ha) 
Annually 
cumulated value 
(m/ year /ha) 
Annually cumulated 
value 
(m3/ year /ha) 
Average monthly 
multiannual rainfall 
6,83 x 10-3 0,071 713,31 8,86 x 10-6 8,11 x 10-5 0,81 
Maximum monthly 
multiannual rainfall 
7,24 x 10-3 0,15 1518,45 3,75 x 10-5 4,19 x 10-4 4,19 
a) b)  
Fig. 4. Numerical results for pond no.2 for average monthly multiannual rainfall: (a) Rainfall and evapotranspiration generated by HELP for 1 
year; (b) Percolation rate through layer 2 (natural ground) – monthly values, for 1 ha and 1 year 
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Table 3. Percolation rate and percolated volume for the two ponds in case of daily maximum precipitation with probability of return 1/100, 
respectively 1/1000 
Calculation hypothesis 
Pond 1 Pond 2 
Percolation rate 
(entering the 
aquifer) 
Percolated volume 
Annually cumulated 
value 
(m3/ year /ha) 
Percolation rate 
(entering the aquifer) 
Percolated volume 
Annually cumulated 
value 
(m3/ year /ha) 
Maximum value 
(m/day/ha) 
Maximum value 
(m/day/ha) 
Daily maximum precipitation with 
probability of return 1/100 years 
4,84  x 10-4 1534,78 1,21 x 10-6 4,26 
Daily maximum precipitation with 
probability of return 1/1000 years 
5,40 x 10-4 1604,65 1,21 x 10-6 4,29 
5. Conclusions 
Table 4 presents the percolation flow rates calculated for the real surface of each pond. Analyzing the results, 
several conclusions can be drawn, as follows: for pond no. 1, flow rates are very low, which are more obvious by 
expressing per m2: 10-6 l/s/m2; for pond no. 2, flow rates values are even lower, 10-8 ÷ 10-9 l/s/m2, consequence of 
the presence of a lining system.  
Percolation flow rates, assuming the maximum daily rainfall with return probability of 1/100 and 1/1000, 
although expressed in m3/s or l/s, are not representing a constant flow situation. It should be considered that these 
precipitations have a limited duration. The resulting values should not be seen as such, being not relevant. The 
response of the system (pond) at the rainfall entry’s is not instantaneous, it may take several days to several months 
to get a response, taking into account what happened before and after the maximum rain (rainfall quantity, water 
accumulated in the system, infiltrated water, saturation degree etc.). 
                        Table 4. Percolation rate and percolated volume for the two ponds in case of daily maximum precipitation with probability of  
                        return 1/100, respectively 1/1000 
Calculation hypothesis 
Percolation flow rate - Pond 1 Percolation flow rate - Pond 2 
(m3/year) (l/s) (m3/year) (l/s) 
Average monthly multiannual rainfall 34238,976 1,09 75,451 0,009 
Maximum monthly multiannual rainfall 72885,552 2,31 389,819 0,012 
Daily maximum precipitation with 
probability of return 1/100 years 
73669,248 2,34 395,836 0,013 
Daily maximum precipitation with 
probability of return 1/1000 years 
77023,104 2,44 398,951 0,013 
Using these values it was possible to calculate the whole water balance for each pond, using eq. (2) and (3) and 
according to the technological schemes presented figures 5 and 6. 
 
Fig. 5. Water balance for pond 1 
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For the pond no. 1 the water balance equation can be written (eq. 2): 
WTGM + R + TW + GMW– E – I – GMW – WSP = 0 (2) 
where: WTGM - water from tailings operated with giant monitor; R - rainfall value, according to calculation 
hypothesis; TW - technological water TW = WP2 + IFW; WP2 - water sent to pond 2; IFW - industrial fresh water; 
GMW - giant monitors water; E - evaporation, modelled using HELP; I - infiltration (previously calculated using 
HELP model); WSP - water from slime pulp to be sent to plant. 
For the second pond the water balance equation can be written (eq. 3): 
R + WSP + WDS – E – ETP – I – RTW - WDS – WRT = 0 (3) 
where: R - rainfall value, according to calculation hypothesis; WSP - water from slime pulp, known from 
measurements in service; WDS - water collected from drainage system and recirculated, known from measurements 
in service; E - evaporation, modelled using HELP; ETP - evapotranspiration, modelled using HELP; I - infiltration 
(previously calculated using HELP model); RTW - recirculated technological water RTW = TWP1 + TWR; TWP1 - 
technological water recirculated to pond no. 1, known from measurements in service; TWR - technological water 
recirculated to plant, known from measurements in service; WRT - water retained within the tailings, known from 
measurements in service; WWTP - water to be sent to waste water treatment plant (when a certain limit is 
overpassed), known from measurements in service.  
 
Fig. 6. Water balance for pond 2 
Based on infiltration rates calculated in various scenarios and on the water balance the owner of the tailing ponds 
can optimize the water quantities used in the technological process and, also, can optimize them in order to mitigate 
the environmental impact.  
Numerical modelling of infiltration, based on synthetic or measured values of rainfall and other meteorological 
and climate-related parameters, using HELP model, proved to be useful for this approach. Even if HELP model is 
not sensitive enough, not being able to generate or take into consideration values on less than one-day time-step, it is 
a useful and easy-to-apply tool for assessing environmental impact of landfills, tailing ponds or other waste deposits. 
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